14C-labelled rRNA was prepared from Alteromonas macleodii ATCC 27 126 and from Alteromonas haloplanktis ATCC 14393. 3H-labelled rRNA was isolated from Alteromonas uaga ATCC 271 19 and Alteromonas putrefaciens ATCC 8071 colony type tl. These rRNAs were hybridized under stringent conditions with filter-fixed DNA from various Alteromonas strains and from organisms of marine origin and/or with mol % G + C values in the range 40 to 50.
INTRODUCTION
Baumann et al. (1972) created the genus Alteromonas for a group of Gram-negative, aerobic, polarly flagellated, heterotrophic marine bacteria. The main difference from Pseudomonas was the range of the mean molar percentage of G + C (molx G + C) of the DNA, extending from Preparation of labelled rRNA. [ 14C] rRNA was prepared from the type strains of Alt. macleodii ATCC 27126 and Alt. haloplanktis ATCC 14393. [3H]rRNA was prepared from the type strain of Alt. vaga ATCC 271 19 and Alt. putrefaciens ATCC 8071. The latter strain gave two colony types : t 1 gave larger, more shiny and yellow colonies than t2. Microscopically the cells were the same and their DNAs had an identical mol % G + C of 45.5. The electrophoretic protein patterns of both types were very similar and DNA/DNA reassociation revealed that tl was 100% related to t2. Colony type tl was used for the preparation of [3H]rRNA.
The growth medium for the preparation of rRNA from Alt. putrefaciens ATCC 8071 tl was 225 whereas 224 (Table 2) was used for the preparation of labelled rRNA from all other type strains. The preparation of labelled rRNAs was as described by De Ley & De Smedt (1975) , except that the rRNA solutions contained 0.2% (w/v) bentonite during the whole procedure (Midgley, 1965) .
Saturation hybridization between labelled rRNA andfilter-jxed DNA : thermal stability of the DNAIrRNA hybrids. The method was described by De Smedt & De Ley (1977) . Two parameters were measured : (I), Tm(e,, which is the temperature at which 50% of the hybrid is denatured; (2) the percentage of rRNA binding, which represents the amount of labelled rRNA duplexed, in pg per 100 yg DNA fixed on the filter, after ribonuclease treatment. Both parameters are derived from the melting curves of the hybrids.
RESULTS

16s and 23s fractions
In Fig. 1 the distribution of the labelled rRNA in sucrose gradients is shown. The 23s [ 14C]rRNA fraction of Alt. macleodii ATCC 27 126 was used for DNA/rRNA hybridizations. There is no evidence that the 23s fraction was contaminated by the 16s fraction. The specific activity [c.p.m. (pg rRNA)-l] of this rRNA was 5800. The 16s fraction of [ 14C]rRNA from Alt. The composition of the growth media are given either in Table 2 Lizarraga-Partida (personal communication). Asterisks denote type strains; square brackets indicate that the strain has been misnamed, and quotation marks that the taxon name is not contained in the Approved Lists of Bacterial Names (Skerman et al., 1980) . Culture collection abbreviation definitions are given in Skerman et al, (1980) Z l l  z11  z11  z11  z11  z11  z11  z11  z11  ZlO  z10  ZlO  z10  z11  z11  T  z11  T  220  220  220  T  T Table 1 . For each labelled reference rRNA, the Tmce, values are plotted against the percentage of rRNA binding; the position of each DNA/rRNA hybrid is indicated. The resulting rRNA similarity maps are shown in Figs 2,3,4 and 5. It is our experience that taxa outside the rRNA superfamily examined always have about the same location on the similarity maps irrespective of the labelled reference rRNA from the rRNA superfamily used. Therefore we used only a limited number of strains from these 'foreign' taxa (Pseudomonas, Escherichia, Chromobacterium, etc.) De Smedt et al., 1980; De Smedt & De Ley, 1977; and this paper) .
The parameters of additional and reciprocal DNA/rRNA hybridizations are given in Table 3 . The results of the reciprocal experiments are in good agreement with the data of the hybridizations in Table 1 . The dendrograms Figs 6 and 7 are constructed from the Tm(e) values in Table 1 and from many other data in our laboratory. These data were clustered by the unweighted pair group method (Sokal & Sneath, 1963) . Each vertical branch is from a labelled reference rRNA.
DISCUSSION
The most valid and useful parameter of a DNA/rRNA hybrid is Tmcel (De Smedt & De Ley, 1977) . Its magnitude is a measure of the thermal stability of the hybrids and, as such, a measure of the base sequence similarities between the rRNA cistrons. An additional parameter is the percentage of RNA binding. This parameter is used to differentiate between taxa with the same Tm(e)* The Tm(e) of the homologous duplex of the four reference strains in this paper is 79 "C or 79.5 "C. This is very close to the values for Janthimbacterium (78.5 "C; De Ley et al., 1978), Beijerinckia (78 "C; De Smedt et al., 1980) and Zymomonas (78 "C; but is lower than the Tm(e) of the duplex of most other reference strains De Smedt et al., 1980; De Smedt & De Ley, 1977; . The variation from 78 "C to 82.5 "C in the Tmce) of homologous duplexes may be attributed to mismatching in the duplex due to methylation of some bases and/or to the variation of the mol % G + C in the rRNA cistrons.
The four rRNA similarity maps (Figs 2,3,4 and 5) and the dendrograms (Figs 6 and 7) show that the genus Alteromonas is extremely heterogeneous. It divides into four groups and some species of uncertain taxonomic position. These four groups are (1) All. macleodii, (2) a large Alt. haloplanktis group, (3) the Alt. putrefaciens group and (4) the Alt. vaga-Alt. communis group. We shall first discuss briefly the content and the position of each group.
( I ) Alteromonas macleodii (Fig. 2) The type strain ATCC27126 is on a branch separate from all other Alteromonas species examined here. Unfortunately no further strains of this species were available to us. Alt. macleodii has a 70.5 "C Tm(e) against the Alt. haloplanktis group, a 69.1 "C T& against the Aft. putrefaciens group, and a 66.5 "C Tm(e) against the Alt. vaga-Ah. communis group.
(2) The Alt. haloplanktis group (Fig. 3) This group is quite heterogeneous: it extends from 73.5 "C to 79.0 "C Tmce) and from 0.17 to 0.31 % rRNA binding against labelled rRNA of the type strain of Alt. haloplanktis. It is the largest Alteromonas group. In addition to the reference species, it also contains the following named Alteromonas species : the violacein-producing Alt. Zuteoviolacea (Gauthier, 1976a (Gauthier, , 1982 , the prodigiosin-producing Alt. rubra (Gauthier, 19766) , the lemon-yellow-pigmented AZt. citrea (Gauthier, 1977) , the orange-pigmented Alt. aurantia (Gauthier & Breittmayer, 1979) , Alt. espejiana (Chan et al., 1978) and AZt. undina (Chan et al., 1978) . Striking phenotypic similarities between these seven species have already been reported (Chan et al., 1978; Gauthier, 1976a Gauthier, , 1976b Gauthier, , 1977 Gauthier & Breittmayer, 1979) . We discovered that a number of misnamed Pseudomonas species and some unnamed alginolytic marine bacteria also belong to this group.
'Pseudomonas atlantica' (Humm, 1946; Yaphe, 1957 ) ATCC 19262 (= NCMB 301) and CIP 59.31 (= NCIB 8959), were examined. Both strains are agarolytic. They were isolated from seawater or marine algae in the vicinity of Halifax, Nova Scotia, Canada (Yaphe, 1957) . Strain ATCC 19262 is a member of the Alt. haloplanktis group, with a 7&) of 77.5 "C. Its mol % G + C is 42.3 (our data) or 43.5 (Mandel, 1966) . This 'Ps. atlantica' strain has been generically misnamed and belongs in the genus (ZoBell & Allen, 1935 ; ZoBell & Upham, 1944) was isolated from slides submerged in the sea for one to seven days at La Jolla, Cal., U.S.A. We used strain NCMB 1770, which displayed two agarolytic colony types: tl (white) and t2 (beige, transparent). They are probably two variants of the same strain as they fell close together (Fig. 3) with Tmo values of 76 "C and 76.5 "C. Their mol % G + C values are almost the same: 42.1 and 42.2. Strain NCMB 1770 has been misnamed and belongs to the Alt. haloplanktis group.
'Pseudomonas nigrifaciens' was isolated by White (1 940) as a Gram-negative, polarly flagellated, strictly aerobic rod from salted butter. It produces a black pigment. Baumann et al. (1972) suspected that strain NCTC 10691 belongs in Alteromonas because of its mol % G + C of 42-9 and its similar phenotypic characters, but they did not make a formal taxonomic assignment. We examined two strains, NCTC 10691 and ATCC 25013 (which consisted of two stable colony types, tl and t2). The latter strain was isolated from seawater. Hybridizations show clearly that both strains belong in the Alt. haloplanktis group (T,,,, 74.0 to 76.5 "C and mol % G + C 40.4 and 41.0) and should thus be renamed.
'Pseudomonas carrageenouora' (Yaphe & Baxter, 1955) was isolated by these authors from seawater and various marine algae collected in the vicinity of Halifax, Nova Scotia, Canada. The organisms decompose the polysaccharide carrageenin. The species was described, but not named, by Yaphe & Baxter (1955) . The name 'Ps. carrageenouora' was used in later papers (Yaphe, 1959 (Yaphe, , 1962 . We used strain NCMB 302, isolated from red algae, Cow Bay, Nova Scotia, Canada in September 1953. This strain falls clearly in the Alt. haloplanktis group with 76.0 "C T,(e) and 40.0% G + C and should be renamed as Alteromonas.
'Pseudomonas piscicida' (Bein) Buck, Meyers & Leifson, 1963 was originally isolated from red tide waters off the south-west coast of Florida, U.S.A. It produces a yellow-orange pigment and is toxic for fish (Bein, 1954) . Other strains have since been isolated and studied numerically (Hansen et al., 1965) . The mol % G + C is low (44.5 +_ 1) (Mandel etal., 1966) , which excludes it from the genus Pseudomonas. Four strains were examined (strain NCMB 2037 contained two colony types: tl, beige, and t2, orange). Their mol % G + C values ranged from 41.9 to 44.5.
Strain ATCC 15251 (an original Bein strain) is located in the Alteromonas area. The three other strains gave Tm(e) values a few "C lower (see below). Of Meland's marine alginolytic strains SM 75, 77, 95, 132 and 64, the first four were isolated from seawater at the surface and at depths of up to 60 m in the vicinity of Tromsnr, northern Norway, between November 1956 and October 1963. Strain 64 was isolated from a floating fragment of Laminaria species in the same general area in September 1955. All strains were isolated by Mrs S. Meland. Strains 75 and 77 were described and named 'Alginovibrio aquatilis', strain 95 was attributed to 'Alginovibrio noruegicus', and strain 64 to 'Alginouibrio immotus' (Meland, 1963) . We are not aware of a published description of strain 132; however, the following is known: the cells are small rods, motile with one or two polar flagella; colonies on nutrient agar or fish agar become greyish and later blackish (we did not observe the latter pigment); the organism decomposes agar and alginic acid, and produces acid from carbohydrates (S. Meland, personal communication) .
Hybridizations showed that the marine alginolytic strains SM 75,77,95 and 132 belong to the Alt. haloplanktis rRNA branch. Strain SM 64 is discussed below.
(3) The Alt. putrefaciens group 'Pseudomonas' putrefaciens (Derby & Hammer) Long & Hammer, 1941 has been briefly reviewed by Bergan (1981) . The cells are aerobic Gram-negative rods with one polar flagellum; they produce a typical pinkish, reddish or apricot-coloured water-soluble pigment and H,S. The organism has.been isolated from clinical sources but also from soil and water, oil brines, etc. 'Pseudomonas'putrefaciens seems to be one of the most important spoilers of protein food kept at chill temperatures (2 to 4 "C). It seems to be rather heterogeneous phenotypically (Debois et al., 1975 ; Levin, 1972 ; Riley et al., 1972) and genotypically (43 to 53 % G + C ; four DNA homology groups, Owen et al., 1978) . These organisms cannot belong to Pseudomonas because the mol % G + C is too low. Lee et al. (1977) proposed on phenotypic grounds to rename this taxon as Alt. putrefaciens. Our DNA/rRNA hybridizations ( T,(e) values for the same pairs of strains, it is found that the top 6 or 7 "C of the T,(e) range corresponds to the entire 0-to 100% DNA homology scale, a conclusion agreeing very well with previous calculations on Pseudomonas (De Vos & De Ley, 1983) .
'Pseudomonas rubescens' (Pivnick, 1955) was originally isolated from oil emulsions from factories. It is a pink, aerobic, Gram-negative rod with one polar flagellum, producing H2S.
Pivnick (1955) recognized the close similarity with 'Ps.' putrefaciens. Recently the identity between both species has been repeatedly stressed: phenotypically (Lee et al., 1977) , by DNA/ DNA hybridizations (Owen et al., 1978) , and by lipid analysis (Wilkinson & Caudwell, 1980 
Relationships among the different Alteromonas rRNA branches and their position among the
Gram-negative bacteria The genus Alteromonas is extremely heterogeneous. All four rRNA branches are 9 to 13 "C AT,,, removed from each other. This is greater than, for example, the differences between Pseudomonas and Azotobacter (De Smedt et al., 1980) , between Xanthomonas and Frateuria (Swings et al., 1980) or between Janthinobacterium, Alcaligenes and Bordetella (De Ley et al., 1978; J. De Ley & P. Segers, unpublished) . At least two of these four Alteromonas groups are thus different at and above the genus level.
The Alt. haloplanktis and Alt. macleodii rRNA branches are both members of the first rRNA superfamily sensu De Ley (1978). They are closest to each other, at 9 "C AT,,,,. Some noticeable phenotypic differences might be expected. However, phenotypically Alt. macleodii is not clearly separated from the species of the Alt. haloplanktis group; it differs in 6 out of about 200 features listed : growth on salicin, D-gluconate, DL-glycerate, and glycerol ; synthesis of antibiotics and resistance to thiophenicol. Alteromonas espejiana, which belongs to the Alt. haloplanktis rRNA branch, has a slightly greater phenotypic similarity to Alt. macleodii than to Alt. haloplanktis. At present there seem to be no convincing phenotypical arguments to separate the two rRNA branches. The genus Alteromonas can temporarily be delineated above about 70 "C Tmo with an atypical Alt. macleodii as type species. In this case one should also admit three more low T,(,) strains to this genus : 'Pspiscicida' NCMB 2037 and NCMB 848, and 'Alteromonas sp.' YK 203 1, a facultative methylotroph of marine origin. The genus description by Baumann et al. (1972) should be extended with the features in Table 4 .
The Alt. putrefaciens rRNA cluster (including 'Ps. rubescens') is closer to the family of the Vibrionaceae (average Tm(e) 71-4 "C) than to the Enterobacteriaceae (average T,(e) 69.3 "C) or the Alt. macleodii and Alt. haloplanktis branches (average T,(,) 68.6 "C). Our results suggest that Ah. putrefaciens is not an Alteromonas, but deserves separate genus status. Recently Wilkinson & Caudwell (1980) found significant differences between the lipids and fatty acids of the putrefaciens organisms and those reported for a strain of Alt. haloplanktis (DiRienzo & MacLeod, 1978) , thus opposing the inclusion of the putrefaciens organisms in the genus Alteromonas. One would expect that there are several other phenotypic differences. Unfortunately the individual strains of Alt. putrefaciens have been incompletely described so far. More phenotypic data on Alt. putrefaciens would be useful. The Alt. communis-Alt. vaga branch is quite far away from the three other Alteromonas branches and from the entire first rRNA superfamily, at 66.7 "C Tm(e). The Alt. communis-Alt. vaga rRNA branch is a member of the second rRNA superfamily. It is close to, but still distinctly different from, the Pseudomonas section 1-Azotobacter-Azomonas cluster, at 7 1.5 "C Tmce,. Ley, 1980) we conclude that the Alt. vaga-Alt. communis group is certainly not a member of Alteromonas; it constitutes a new genus, which is part of a different family. This is supported by the fact that data in the literature reveal considerable phenotypic differences between the Alt. uaga-Alt. communis rRNA branch on the one hand, and the Alt. macleodii and Alt. halopfanktis branches on the other hand ( Table  4) . Therefore we propose Marinomonas (L. adj. marinus, pertaining to the sea; Gr. n. moms, a unit, monad; M.L. Marinomonas, sea monad) as a new genus for both species, with M. communis as the type species and ATCC 271 18 as the type strain. The description of the new genus is the same as that given for the Alt. communis-Alt. vaga group by Baumann et al. (1972) . (Table I and Fig. 7) Among the Gram-negative organisms which we examined by DNA/rRNA hybridizations, because of their low mol "/o G + C and/or their marine origin, the following strains were shown not to belong to Alteromonas.
Organisms excluded from Alteromonas
(a) Strains at the bottom of the Alt. putrefaciem rRNA branch. Marine, luminous rods with one polar flagellum and with a mol % G + C of 45.2 _+ 0.8, unable to ferment some sugars, have been named Alt. hanedai (Jensen et al., 1980) . The type strain ATCC 33224 has a 72 "C Tm(e) value against Alt. putrefaciens and a 67.5 to 68-5 "C value against the other three reference strains. A numerical analysis of phenotypic properties (Jensen et al., 1980) confirms our conclusion that Alt. hanedai is outside the Alt. macleodii-Alt. haloplanktis groups and very different from the Alt. uaga-Alt. communis cluster. Alt. hanedai is separate from both the putrefaciens rRNA branch and from the Vibrionaceae since the Tm(e) values with labelled reference rRNA from both taxa are 71 to 72 "C. Strain 'Ps. atlantica' CIP 59.31 with 45.4% G + C (see above) groups at 71 "C Tm(el against Alt. putrefaciens. (b) Organisms belonging in the second rRNA superfamily (De Ley, 1978) . The following three organisms are at about 68.5 to 71.5 "C Tm(e) against the reference M. vaga rRNA, and at an average of 65 "C Tmce, against the Alteromonas rRNAs. Their exact taxonomic position is being examined. 'Cellvibrio fuluus' and 'Celluibrio uulgaris' (48.2% and 51-5 % G + C, respectively) were originally isolated as cellulose decomposers from forest humus in Germany, and are small vibrios with a single polar flagellum (Stapp & Bortels, 1934) . It has been shown in our laboratory that 'Azomonas insignis' ATCC 12523 has been misnamed ( De Smedt et al., 1980) . The present hybridizations did not succeed in helping to identify this strain.
(c) Organisms of unknown affiliation. The following organisms did not fall specifically on any of the four rRNA branches, and their exact taxonomic affiliations are unknown: the marine methanol-utilizing rods 'Alteromonas thalassomethanolica' YK 4007 and YK 202 1, and 'Methylomonas thalassica ' YK 2004 and YK 4015 (Yamamoto et al., 1980) ; and the alginolytic bacterium SM 64 of Meland (1963) .
In a previous study of DNA/rRNA hybridizations in Flauobacterium (Bauwens & De Ley, 1981 , and unpublished), the low mol% G + C organisms Flavobacterium ferrugineum DSM 30193, Flauobacterium okeanokoites CCM 320, 'Flauobacterium sp.' CCM 1048 and ATCC 9491 tl were excluded from this genus. From the present results it follows that they are also excluded from Alteromonas and Marinomonas. Their exact taxonomic position remains unknown.
